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TABLE OF SYMBOLS (Listed in order in which they occur in text) 
ht =tube side film coefficient of heat transfer, B.t.u. per hr.­
sq.ft.-deg.F. 
hs shell side film coefficient of heat transfer, B.t.u. per hr.­
sq.ft.-deg.F. 
D =diameter of tube (inside in Eq. 1, outside in Eq. 11), ft. 
k = thermal conductivity, B.t.u.-ft. per hr.-sq,ft.-deg.F. 
N = heated length of tube, ft. 
G = weight rate of flow, lb. per hr.-sq.ft. of cross-sectional area 
µ = absolute viscosity of fluid, lb. per hr.-ft. 
c = specific heat of the fluid, B.t.u. per lb.-deg.F. 
U =overall transfer coefficient, B. t.u. per hr.-sq.tt.-deg.F. 
m.t.d. 
= outside radius of tube, ft.r 2 
r = inside radius of tube, ft.1 
Gx = effective weight rate of flow, lb. per hr.-sq.ft. of effec­
tive area 
GR = radial flow in disk-and-doughnut type baffles, lb. per hr.­
sq, ft. 
GA = flow in annular area in disk-and-doughnut type baffles, lb. 
per hr.-sq.ft,
flow through hole in disk-and-doughnut type baffles, lb, 
per hr.-sq.rt, 
= flow through orifices in orifice type battles, lb. per hr.­
sq, ft, 
Ga = flow along tubes between baffles in orifice type baffles, 
lb. per hr.-sq,ft, 
Gb = f~~~r~:neath baffles in halt-moon type baffles, lb. per hr, 
GP = flow across tubes in halt-moon type baffles, lb. per hr.­
sq. ft. 
S = baffle spacing, ft. 
~ = free area of radial flow in disk-and-doughnut baffles, sq.
ft. (See Fig, 6)
A = free area between snell and disk in disk-and-doughnut
A baffles, sq. ft. 
~ = free area in hole of doughnut in disk-and-doughnut baffles, 
sq. ft. 
A = total free area of orifices at each baffle in orifice baf­
0 fles, sq, ft. 
Aa_ = tree area between baffles in orifice type baffles, sq, ft, 
Ab = free area beneath baffle in half-moon type baffles, sq. ft. 
A = free area for cross-flow between baffles in half-moon baf-
P fles, sq. ft. 
P =tube pitch, ft,, p =tube pitch, inches 
L = total baffled length of exchanger, ft. 
L:.P = pressure drop in baffled length of exchanger, inches of mercury 
w = specific weight of fluid, lb. per cu. ft, 
DD = diameter of disk of disk-and-doughnut baffles, ft. 
DH = diameter or hole in disk-and-doughnut baffles, ft, 
= outside diameter of tube, inchesdt 
= diameter of orifice of orifice baffles, inchesdo 
= number of baffles on the tube bundle.Nb 
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INTRODUCTION AND ACKNOWLEDGMENTS 
This Bulletin is the result of a series of experimental in­
vestigations on the subject of heat transmission in heat exchang­
ers which began with a series of experiments on a shell-and-tube 
type exchanger with a single horizontal baffle (Bulletin No. 
3128, The University of Texas), then followed by a series of ex­
periments to determine the effect of tube spacing and baffle ar­
rangements on tbe pressure loss in tube bundles (Oil and Gas 
Journal, May 10, 1934), and was then followed by tbe present 
work, part of which was written up by Mr. S.A. Perrone and pub­
lished in 1935 (Oil and Gas Journal, March 28, 1935). This ex­
perimental work was done in the Mechanical Laboratory at The 
University of Texas and tbe results were computed and correlated 
while the writer was a gradute student at Cornell University in 
1935-36. With some minor changes, this Bulletin is a sunnnary of 
the thesis presented at Cornell University in June 1936 in part­
ial fulfillment of the requirements for a Master of Mechanical 
Engineering degree. 
The writer wishes, therefore, to acknowledge the criticism 
and suggestions of Professors W.N. Barnard, F.O. Ellenwood, c.o. 
Mackey, and J.O. Jeffrey of Cornell University on the original 
phases of this work; the help of the Department of Mechanical 
Engineering and the Bureau of Engineering Research at The Uni­
versity of Texas in acquiring the materials used in the experi­
mental work; and the able assistance of Mr. Fre9 Morris, Labo­
ratory Mechanician at The University of Texas, and Mr. S,A. 
Perrone, former graduate student at The University of Texas, in 
setting up tbe apparatus and in the conduct of the tests. And, 
the writer wishes to thank the Dean of the College of Engineer­
ing of the University of Texas in obtaining funds for the publi­
cation of these results, 
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SUMMARY 
The material in this Bulletin presents in both a graphical 
and an analytical manner the results of a series of experiments 
with water and several grades of oil being cooled in a shell­
and-tube heat exchanger. The heat exchanger was first used with­
out baffles or turbulence promoters, and then with half-moon 
type, then orifice type, and finally disk-and-doughnut type baf­
fles. Both the heat transfer coefficients for the outside of 
the tubes in the bundles and the pressure drop on this same side 
are treated. Steps in the graphical correlation of the results 
in obtaining the final transfer coefficient plots are presented. 
An effective velocity that consists of a combination of the 
weight rates of flow in the restricted regions is used in the 
correlation, and methods of obtaining this velocity for the dif­
ferent types of construction are given. A graphical comparison 
of the heat transfer coefficients is made with results from 
tests of similar heat exchangers by Ross Heater Company and 
Foster Wheeler Corporation showing that the methods are applica­
ble to units of other length and shell diameter than the one used 
in this experimental work. A graphical comparison is also made 
with the results of others on flow along and across single pipes 
as well as across banks of pipes. Colburn•s equation for heat 
transfer coefficients for flow across banks of staggered pipes 
using the velocity in the minimum cross-section is also present­
ed for comparison. Pressure drop relations are given using the 
Darcy or Fanning equation with the friction factor combined with 
a "roughness" coefficient. Equations for deter.mini~ the rough­
ness coefficient for the different baffle forms are given along 
with the friction and roughness factor graphs. The effect of 
cooling on the pressure drop is considered as a function of 
Prandtl's number. 
iv 
HEAT TRANSFER AND PRESSURE DROP IN 
HEAT EXCHANGERS 
This experimental study was made to determine the possibil­
ity or establiShing a relation that would permit both the film 
coefficient or heat transfer and the pressure drop to be calcu­
lated tor a particular heat exchanger irrespective of the type, 
size and spacing or the battles used, or of the size and spacing 
of the tubes in the bundle, or or the fluid used. 
This paper covers the results of experimental work that was 
done on a shell-and-tube type heat exchanger in which three dif­
ferent forms or baffles (turbulence promoters) were used and, 
also, in which the spacing of these baffles and the size and 
spacing of the tubes were varied. The fluid used on the inside 
or the tubes as the coolant was water, while water and three 
different grades or oil were used on the shell side. 
In case or the halt-moon battles, Table I shows the differ­
ent arrangements (tube sizes, tube spacing, and baffle spacing) 
that were used: 
Table I 
Tube Diameter Tube Pitch Humber of Baffles 
3/81' o.d. 1/2" 19, 15, 11, 7, 3 
11/16" 19, 15, 11, 7, 3" 1/2" o.d. 19/3211 19, 15, 11, 7, 3 
II 11/16" 19, 11, 3 
25/3211 19, 11, 3
" n 1" 19, 11, 3 
n 1-3/3211 19, 15, 11, 7, 3 
5/8" o.d. 3/4" 19, 11, 3 
II 7/8" 19, 15, 11, 7, 3 
1-1/1611 19, 11, 3
" 
while 1n the case or the orifice baffles, Table II shows the dif­
rerent arrangements that were used: 
Table II 
Tube Diameter Tube Pitch Orifice Diameter Humber of Baffles 
3/8" o.d. 11/16" 7/16 11 19, 11, 3 
1/2" o.d. 25/3211 17/32" 19, 15~ 11, 7, 3 
n 9/16 11 19, 11, 3
" II 5/8 11 19, 11, 3
" 1-3/32" 9/16 11 19, 11, 3
" 19, 11, 35/811 o.d. 1-1/16 11 11/1611 
1 
while tor the disk-and-doughnut battles Table III shown the va­
riation in constn.tction or tbe unit; and tor the bundles without 











































19, 11, 3 
19, 11, 7, 3 
19, 11, 3 
19, 11, 3 
19, 11, 3 
19, 11, 3 
For practically all or these investigations the rate or 
tube fluid was maintained at 2 rt. per sec. while the shell flu­
id was varied from a minimum or 2000 lb. per hour to 45000 lb. 
per hour. The total range in Reynolds' number was approximately 
10,000 told and, 1n Prandtl's number, approximately 3 to 2000. 
2 
Apparatus and Experimental Procedure 
The heat exchanger used in this series of investigations 
consisted, as shown by Fig. 1, or a 6-inch steel pipe shell with 
inlet and outlet for the shell fluid placed on the top side near 
each end. The tube plate on one end was attached to the shell 
flange and then the "water box" placed over this, while, on the 
other end, the tube plate was attached to a "floating water box" 
which had an inlet connection extending through a stuffing box 
in the shell end-housing to the outside. 
The tube bundles that were used were made or No. 18 B.W.G. 
brass tubes, 5 ft. long, attached to 3/8 inch thick brass plates 
at each end. The holes in the tube plates were drilled 1/64 
inch larger in diameter than the outside diameter of the tubes 
and, in assembling, the tubes extended 1/8 inch beyond the inner 
(water box side) face of the plates and were soldered to these 
plates. The battles were made trom 1/16 inch thick brass plate. 
These baffles were cut from the flat plate to a size slightly in 
excess of the inside d1rumter of the exchanger shell and then 
the tube holes were drilled before the baffles were fitted to 
the shell. For the half-moon and disk-and-doughnut baffles, the 
tube holes were drilled 1/64 inch in diameter larger than the 
tubes with which they were to be used, whereas, the tube holes 
for the orifice baffles were drilled to a size shown by Table II 
for each particular tube bundle. 
After the tube holes had been drilled in the circular 
plates that were to be used for half-moon baffles, a portion was 
cut off along a horizontal line 7/8 inch above or below the cen­
ter line, depending on whether it was desired to have the fluid 
flow under or over the baffle. In the case or the disk-and­
doughnut baffles, the outer portion was cut oft so as to leave a 
disk of the desired size for those plates from which the disks 
were ma.de, and the inner portion cut out so as to leave an annu­
lar shaped plate of the desired size for those plates from which 
the •doughnuts 11 were made. Fig. 2 shows the dirensions of all or 
these baffles as well as showing the tube pattern. 
Arter tb3 baffles had been cut to the desired shape, they 
were assembled as a group (19 for each particular tube size and 
spacing) and filed so as to allow them to be forced through the 
shell. Th.en after a group of tubes had been assembled with 19 
baffles and the tubes had been soldered to the end plates, the 
baffles were fitted into the shell in such a manner, that the 
assembled bundle could be drawn in or out or the shell w1 th vecy 
slight effort. 
The initial and final baffles were always at the same points 
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between these end baffles was 43 inches and all intermediate 
battles were evenly distributed within this distance. All bat­
tles were held at a particular location on the tube bundle by 
•tacking• the battles to the tubes with solder at three or !our 
uniformly distributed points around each battle. 
In changing the arrangement or a bundle so that it would 
nave less than 19 active baffles, the solder holding each ba!!le 
to the tubes was removed and the excess battles moved to the end 
zones next to the tube plates. The remaining battles were then 
distributed within the 43-inch space, With the initial and final 
baffles being located in the same position with respect to the 
inlet and exit shell coIDlections as before. The inactive baf­
fles in the end zones were "tacked" to keep them from moving to­
ward the active battles. Fig. 1 shows a tube bundle with 11 
halt-moon battles in place with 8 inactive battles in the end 
zones. 
Preliminary investigations showed that the overall transfer 
coefficient varied with time and a weak solution or hydrochloric 
acid was used as a bath !or the tube bundles in order to have 
the same degree or cleanliness tor each series or tests. Fig. 3 
shows the effects or the fouling and cleaning. 
Weighing tanks and calibrated platform scales were used to 
determine the rates or !low or the liquids, the procedure being 
to note the time required tor a particular weight or tube or 
shell fluid to flow through the unit. Mercurial thermometers in 
mercury-tilled, steel wells were used to determine the inlet and 
exit temperatures in each case, and a mercury-tilled U-tube man­
ometer was used tor the pressure drop determination. For all 
tests where the shell fluid was water, direct connection was 
made from the manometer to the "piezometer manifold"; but tor 
the tests with oil, glass reservoirs were placed between the 
manometer and the npiezometer nanifold" and oil was allowed to 
extend to the middle or the reservoirs with water occupying the 
lower half of each reservoir and the copper tubing which con­
nected them to the manometer. The size or the reservoirs was 
such that the change in elevation or the on-water separation 
level with manometer deflection was negligible. 
The initial temperature or the shell fluid entering the ex­
changer was maintained at approximately 140 deg.F and the enter­
ing tube fluid temperature remained approximately constant tor 
each series. The tube fluid inlet temperature was around 60 deg. 
F tor the earlier series but had increased to about 80 deg. F 
before the final tests were made. 
The rate or flow or the shell fluid was varied trom a mini­
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per hour. The minimum rate was governed by the stability or 
pumping and heating conditions while the maximum was governed 
by the range or the pressure drop manometer in some cases (the 
manometer bad a range or 40 inches) and by accurate weighing 
ranges in other cases. Bu!rtcient intermediate tests were made 
between these extreme limits to permit definite trends or re­
sults to be ascertained. Plots or the overall transfer coeffi­
cients against rate or flow and pressure drop were used as a 
means or control on the experimental procedure. The heat ab­
sorbed by the tube fluid was balanced against the heat given up 
by the shell fluid tor each set or data recorded and this was 
used as a verification or the fluid temperature determinations. 
As the shell was not insulated, the heat absorbed was usually 
1/2 to 3 per cent less than tlllt given up. 
The viscosity or each on that was used was detennined at 
several teaperatures by means or a 8aybolt Universal V1scos1meter 
and the viscosity ot the water was based on the values given in 
the International Critical Tables. The thermal conductivities 
ot the water and or the oils were based on the values given by 
McAdams1-* The curves ot these data are shown by Fig. 4 and 5. 
(•Numbers refer to bibliography at end of text of Bulletin.) 
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DISCUSSION ANO CORRELATION OF RESULTS 
TRANSFER COEFFICIENTS 
Since there are numerous data available relating to tilln 
coefficients or heat transfer tor liquids flowing inside or cir­
cular tubes, it was assumed that these data could be used tor 
the computation, in this case, or the film coefficients tor the 
tube fluid from the t3st data and thus allow the shell side co­
efficient to be determined. The equation2 used tor this purpose 
is as follows: 
\D = 0.0225 [1 + 5~D1 [D:] 0.8 [c:] 0.4 
• • (1) 
(Note: See first page or Bulletin tor symbols) 
After the tube side coefficients were computed from Eq. 1, with 
the fluid properties evaluated at the main stream temperature, 
the shell side coefficients were computed from Eq. 2. 
:, " ~ -:: ~ - ; log, ( :: ) 
• • • • • • • (2) 
In correlating the shell side transfer coefficients and the 
pressµre drop, it was assumed that the effective velocity or the 
shell fluid was governed by a combination or the velocity thra.igh 
the restricted passages at the battles with the velocity across or 
along the tubes between successive battles. It was assumed that 
the combination or these velocity components would be governed by 
the relative proportion or the areas involved in each case as 
well as by the baffle spacing since the effect!veness or the baf­
fles as turbulence promotors would thus be indicated. Eq. 3, 4, 
5, and 6 show how the effective velocity was computed tor the 
disk-and-doughnut baffles, orifice battles, halt-moon baffles, 
and zero battles, respectively. 
(Aa}0.88 (A~ 0.48 
Gx = GR + GA + 
(S) 0.33 (S) 0.5 • (3) 
G = 
x (S) 0.59 • • • • • • • • ( 4) 
where 
n = 0.332 
(Ao) 0.15 • (4a) 
G - Ab Gb + (S) 0.44 GP • (5) 
x - (S) 0.5 
Gx = 0.53 G .(6) 
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In these equations <Jn, GA, <Jn, G0 , Ga, Gt,, a.,, and G repre­
sent the weight rate or flow at the several restricted sections 
in the path or now. For the case or the disk-and-doughnut baf­
fles, GR represents the rate or flow, W/AR , lb. per hr.-sq.tt. 
of cross-sectional area, in a radial direction where AR is de­
tennined by obtaining the average free circumferential distance 
through which the fluid would pass after nowt~ through the 
hole or the dougbnut and before reaching the edge or the next 
disk in the path or now and multiplying this distance by the 
distance between baffles. Then GA represents the rate of flow, 
W/AA, lb. per hr.-sq.rt. or cross-sectional area, through the 
free annular space between the edge or the disk and the excbang­
er shell. The "tree" area meaning the total annular area minus 
the cross-sectional area of the tubes in this annular space. And 
then GH is the rate of flow, W/AH, lb. per hr.-sq.tt. of free 
cross-sectional area, through the hole in the dougbnut. And, in 
this case, AH is the area of the hole in the doughnut minus the 
cross-sectional area of the tubes in this region. Similarly G 
is the rate of flow, W/A0 , through the orifices at each baffle
0 
for the orifice type of baffles. In this, A0 is obtained by~ 
puting the total area of the holes in the baffle and subtracting 
the area of all or the tubes from it. Or, in other words, A0 is 
the sum of all of the small annular spaces around the tubes in 
each baffle. Aa is the free area between the baffles and is the 
shell cross-sectional area minus the cross-sectional area of all 
of the tubes. Hence Ga is the rate of flow, W/Aa, along the 
tubes in the region between the orifice type baffles and is the 
same as G for the unbaffled bundles. Likewise, in the case or 
the half-moon type Of baffles, Gt, is the rate of now W/Ab, in 
the region beneath or above each half-moon baffle, and GP is the 
average rate of flow, W/AP, across the tubes in the region be­
tween each baffle. 
Fig. 6 shows the paths of flow for each type of battle and 
the area (Ap} of cross-flow for the half-moon baffles and the 
area (AR} for radial flow for the disk-and-dougbnut baffles. The 
effect of these different components of flow is shown graphical­
ly by Fig. 7 for the disk-and-dougbnut type of baffles. Eq. 3, 
4, 5, and 6 were obtained for each baffle type, respectively, 
from such graphs as Fig. 7 for each type and size of baffle. 
The effect of the tube spacing (tube pitch} is shown by 
Fig. 8 for the half-moon baffles and was found to affect the fllm 
coefficient of the other baffle types similarly. The result of 
this is given analytically by 
- (p _D)0.5 
- B-­h 5 p 
• • • • • • • • • • (7) 
10 
~l=====l====::::lr=:;.i:.X.•Total dlsto.nc.c tJ.•....,.••" 
tubt's at- u...tcr· ot ti...M . 
..,_ ,, N......,.,bv of tu.b• ro_.$ 
btl:vv-n batffc •d¥,_ 
No"Tll!.: Vn~ho.d•d. arco~ 
r1&pr-c~e.nt- tree. o..re-af.. 
HA,LF·MooN ~ 
No,-..: Un$hodll'd. 0..rta• 
nrpre::icnt i"r-.,• cu·•a.:i . 
FR.a.II!... ARE.A ,...,. °""'"''-.. FR.w,.11!... Aa..a. ..... e•Tv..tE.CH e.....-~e.~ 
~!:>AFFLE5 
A.l~" 
£ X • Tora.I dbta.I'<..- briwttn 
tubt3 Qf'Ou,nd,. ba.fi-lt' 
cin:umtertt1ce. 
n • M1,.1.mb•r of c..in:.u.la.r tw.be 
rows. lyinCI) \ n rc'li.- o.J 
over\o.p ot dhk Qnd 
kale.. 
NoTe.·. Un~hadcd a.nra.~ 




I I ir.K ~ 
I I I I I 
I I I I I I I 
I I I I I I I 
9 10 tO ~ !50 'llO IOO t:OO ­
~ Qf V-1 QpTY CoMPONl!..N"TS 2l!J ~~ Col;r'P'!CJ&.NT.5 
El.§l.Z 
r..&attlu 11 • fo -19 &ottlc~ ii",, t>•fft.. ~-" llat"u19 v-1~ • jiP <>-II • -1 t .. ~ .. 9-15 • --.~ ~ 5t.P A. - 11 .. 0 ., • 0 - 5 • l51P .. ·II ·· > - ., .. .{.. ., . Y­ 7 .. < 3 • 1p • - 11 . ,_, .. ,_ ~ .,.. 1500 .., -
. i.~J.-S"'3~ I•"" ,..~.,... ~ d !."' 7"~4'.'.... ,, ~~;i-' l 1000 0: ~ 
~"""" ~
-
.. l ,.. ... :if' 
.. "' I ~ r_,,tl_,, "° I " > leoo 0. \) ~ ~7 I?.:#, ~' T_. ,,,.
-
~ .. ,.. ~ + > 
:! ~ <(..""'"'I ~ ... O• +'°" • •'<I(." .•600 ... '· 
..d ,c._ °'t-i­ ,.><'} I
- .. " 
q\ I 
aX 
'I-"-­ 0 ---: /~ I I
- - ti 
d' ~6.X --~· I I I I., .. ~ - .J ~ fr 5HIE.l.L 510E. Fu..M C.oe.irP>c.11tNT
.J :j ·~~1'1• ;..<~4<lO II t' ...... 
_,_ ,"</..., • • a7t - VltR.5U5 E.1'1'&.C:TIVE V..LOC.\.,-'( P'Oll}, 0 j !Tu&&., Tu&E '8uri&cl'I.&~ waTH
- :,t;•• 'Y_J(f,t/­ - ~ 
.r• ... .. 0 ~ •' <' HA1..F-MDON ~1-&5 .....0 WIT .. SO() 
,,,.,,,.;,iif I~ -t:i~A W1'Tr.R 1'5 ........ 5tt~LL fL..UIO.,... 
.• ~I > 
.... ::,.::::; v::J-: ,,~ ~ 
v-S: 9'-< I / 
~ .._ ,e,.. '­ ,..
- ~




-­ -·1­ "· .. E.FFl!:CTIVE. VE.LOC.1"1"'< - T,.ou.,,..,.o,. or Pou.._ Pkll HR..-~. F-r.
-­50 .50 'n:> 100 200 !100 500 
~ flTl::i.a. 0E.ti QEi ~~ C,ogfJl'lC.\l:NT · 
12 
Fig. 9 and 10 give an indication or the procedure used to 
determine the effect or Prandtl's number, ~ , on the shell side 
coefficient and this result shown analytically is 
h8 =B' 
• • • • ( 8} 
The composite relation obtained from the foregoing graph­
ical and analytical analysis is 
hsD =0.37 (p; Dt5 (~) 0,32 (~~ 0.6 
k • • ( 9} 
or 
• • • • (9a} 
and this relation is shown graphically by Fig. 11 for the disk­
and-doughnut type baffles and by Fig. 12 tor all types, while 
Fig. 13 gives a graphical comparison or Eq. 9 with data and re­
sults or other experimenters on nearly comparable designs of 
apparatus. Colburn's equation3 for flow across banks of stag­
gered tubes 
c0·33:\0.667Gm 0.6 
h 8 =0.33 -------"'"''---­
• • • • • • • • • • (10} 
is quite similar to Eq. 9 except tor the term showing the effect 
ot the tube spacing. Its relation to Eq. 9 ts shown graphical­
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In correlating the pressure drop ror these different cases, 
methods similar to those used in correlating the transfer coef­
ficients were used with the following results. 
2~P =5.46 x 10-10 <•r> L Gx • • • • • (11) 
+gDw 
where the friction and roughness !actor, •r, is obtained rrom 
Fig. 14 ror the three baffle types. It will be observed that 
the friction and roughness !actor, ror each or these cases, is 
shown as a !unction or the product or Reynolds' number and 
Prandtl's number to some exponential power. In order to account 
tor the cooling errect on the pressure loss this method gave the 
best correlation. That is, plotting the !r1ctton !actor as a 
!unction of the product of Reynolds' number and Prandtl's number 
to some power as ts done tn heat transfer {example Eq. 9) appear­
ed to give the most consistent relations. The roughness effect 
produced by the baffies and the now perpendicular to the tubes 
and the eftect of variable areas in the path of flow are ac­
counted for in the function, +,in each case. This !Unction ls 
given for each case as follows: 
Dlsk-and-Dougl!nut Baffles 
1 
• • • • • • • • • (12)
• = ~~) l.&5 
Or1t1ce Baffles 
(Nb - 2.3) 0. 33 {d - dt + 0.031) 2•0 
• = 0 • • • • (13)(p ~ d~ 3.3 (dt) 2.38 
Half-Moon Baffles 
1
• = ----------------,-· • (14) 
0.51 - s\ 2.0 Jr~-=.~~,,.t-21 2.06 
0.53 ( s ) + 2.7 p J [dt J[ 
To determine the pressure drop tor a particular heat ex­
changer tor a particular weight and kind or nutd flowing through 
the shell, the effective velocity, Gx, ls computed, and then the 
Reynolds' number ls obtained. Following this the Prandtl number 
ls calculated and then raised to the proper exponential power. 
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(for the disk-and-doughnut baffles the Prandtl number is raised 
to the 0.78 power, for the half-moon baffles it is raised to t~ 
0.52 power, and for the orifice baffles it is raised to the 0.38 
power), reference is made to the friction-roughness factor plot 
corresponding to the type or baffle in question and the proper 
factor is obtained. Then using Eq. 12, 13 or 14, depending on 
the barfle type, and the dimensions of the heat exchanger bundle, 
the ~ function is computed. Having determined the +function in 
this manner, 1t is used along with the friction-roughness facto~ 
effective velocity, tube diameter, length or exchanger, and spe­
ific weight of the fluid 1n Eq. 11 to obtain the pressure drop 
for the exchanger. 
In other words, the pressure drop 1s determined by means of 
the Darcy equation with the fr1ct1on factor combined with a 
roughness coefficient, +· With the kind of fluid and !ts effec­
tive rate known, the Reynolds and Prandtl runct1ons are computed 
and, by reference to F1g. 14, the product, +f, 1s obtained. 
Then ~ is computed from Eq. 12, 13, or 14 for the particular 
type of baffle and used along with +f in Eq. 11. 
Due prinarily to the effect of the tube pattern, 1.e., tube 
arrangement over the cross-section of the bundle, on the turbu­
lence set up at entrance and exit and its effect as the fluid 
passes by or through a baffle, the tube pattern enters into the 
pressure drop to a greater extent than in the heat transfer co­
efficients. This results ina wider divergence oft~ friction 
factor for the different arrangements than was round for the 
heat transfer coefficients. And too, in the case or the heat 
transfer coefficients, it was found that a single relation for 
all baffle types gave results not greatly different from those 
given by a relation for each particular type of baffle. This 
was not true in the case of the pressure drop data and hence, no 
single relation is presented. 
Conctu1lons 
In conclusions, then, it may be said that the shell side 
coett1e1ent ot heat transfer may be computed for shell and tube 
type exchangers irrespective ot the size and spacing of the 
tubes, or the type, size, and spacing ot baffles, or the kind 
or fluid. This may be ~one, as shown by Fig. 13, with a reason­
able degree or acc\U'acy by the equation, 
atter having obtained the errect1ve rate of now, ox, rrom Eq. 3, 
4, 5, or 6, tor the particular case. 
It may also be conclude~ that the pressure loss produced by 
!low along and across the tubes in baffled tube. bundles of heat 
exchangers may be closely approximated by 
after having obtained the product, ~r, from the experimentally 
determined curves ot Fig. 14. 
It should be ~inted out that a single relaticn !or all 
types of baffles does not give as close a value of the coeffi­
cient as can be obtained by using a separate equation tor each 
particular type of baffle, but the divergence is not more than 
15 per cent tor the usual case and this 1s as close as the ef­
fective areas, leakage effects, and tube patterns may be deter­
mined. 
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tt = initial temp. of tube fluid, deg. F. 
1 
tt = final temp. of tube fluid, deg. F. 
2 
ts = initial temp. of shell fluid, deg. l'. 
1 
ts = final tanp. of shell fluid, deg. F. 
2 
~p = pressure drop across shell, in. of hg. 
wt = weight of tube fluid, lb. per hr. 
ws = weight of shell fluid' lb. per hr. 
Qt =heat absorbed by tube fluid, B.t.u. per hr. 
Qs =heat given up by shell fluid, B.t.u. per hr. 
em = log mean temp. diff., deg. F. 
U =overall transfer coefficient, B.t.u. per hr.­




SIZE- 3.92• Hl6H 
TUBE DIA.-lA" 
TUBE PITCH-1/2" 
TRANSFER AREA• 48. lo' 
SHELL FLUID- WATER 
* S•• first page of Appendix
for Syllbols. HO.OF TUBES• 98 TUBE FLUID· WATER 
RUN 
NUMBER 
* t;_ \ \. t"2 "'p wt w. Qt Q. em u 
19 BAFFLES 
51 58.3 71.3 140.6 74.8 0.37 18,540 5,365 352.8 353.0 34.76 211.0 
52 58.2 85.3 140.7 86.0 0.88 18,380 9,220 498.2 503.8 40.10 258.3 
53 58.1 88.8 140.4 92.1 1.39 18,520 11,900 569.0 574.8 42.14 280.8 
54 58.1 91.6 139.6 97.6 2.?..2 18,7.30 15,~0 628.0 631.0 43.60 299.5 
55 58.0 95.0 139.5 102.7 3.24 18,220 18,360 673.5 676.5 44.59 314.1 
56 58.1 99.2 140 . 1 lOe .2 5.19 18,330 23,630 752.5 756.0 45.34 345.2 
57 58.1 99.6 141.2 109.1 5.19 18,300 23, 7.30 759.0 760.5 46.08 342,6 
58 57.9 100.3 139.2 110.8 6.86 18,370 27,430 778.0 781.0 45.50 355.4 
59 58,0 101.5 140.1 112.6 7.78 18,370 29,150 800.0 802.5 46.18 360.2 
60 58.0 103.1 140.2 114.3 9,63 18,420 32,430 830.5 838.0 46.00 375.4 
61 58.0 104.5 140.6 117.0 11.67 18,540 36,7.30 002.0 867.0 46.63 384..4 
62 57.8 l~.9 140.0 117.3 13.52 18,460 38,530 870.0 873.0 46.25 391.1 
63 57.5 94.6 139.0 101.7 3.33 18,550 18,420 688.0 687.5 44,31 322.8 
219 60.1 96.4 139.6 102.4 3.06 18,530 18,280 673.5 680.0 42.73 327.8 




















































































































































































































































285 61,3 81.0 139.3 86.7 0.14 18,120 6,850 3fl7 .5 360.5 39.54 188.0 
286 61.5 89.l 140.4 99.l 0.32 18,100 12,120 499.5 501.0 44.06 236.8 
~ 61.6 92.l 140.2 l~.o 0.51 18,170 15,320 554.0 655.5 45.18 255.0 
288 61,6 96.9 140.4 109.4 0.74 18,230 a:>,030 625.0 6a:>.o 46.10 282.0 
289 61.6 98.0 140.8 112.3 1.11 18,340 23,610 670.0 674.0 46.70 298.3 
290 61.5 99.7 140.5 U5.0 1.48 18,160 27 ,330 004.0 697.0 46.90 307.7 
291 61.5 102.l 141.0 118.4 2,04 18,100 32,550 734.0 737.0 47.32 322.4 
292 61.6 104.2 141.5 121.4 2.59 17,390 37,000 742.0 745.0 47.65 323.8 
293 61.5 1C6.0 140.5 122.3 3.33 17,670 42,280 769.0 710.6 47.06 339.8 
3 BAFFLES 



























































































































BAFFLES- HALF-MOON TUBE DIA,-3/8" TRANSFER AREA- 25.510 ,SIZE- 3.,2• Hl6H TUBE PITCH-1t/16" SHELL FLUID- NATER
* s.. first P•Q• of Appendl1 NO.OF TUBES- 52 TUBE FLUID- NATEJttor Sy•boh. 
*RUN t82\. wt\ l:. p Q,, e.w.NUHIER \ . ~ u 
1' BAFFLES 
10 61.6 88.6 139.3 96.2 0.37 9,960 270,86,135 268.9 41.• 55 253.611 61.2 10!!.8 141.8 126.4 8.85 9,910 31,580 481.5 485.l 46.63 404.812 60.3 108.0 139.4 124.4 8.89 9,900 31,000 472.2 4?5.• 0 45.BO 40l.l13 58. 9 108.9 140.7 125.4 7.97 9,760 32,150 488.0 492.6 47.02 406.814 58.5 107.8 139.9 124.7 7.97 9,830 32,150 485.0 489.8 47.13 403.315 58.5 107.8 14.Q.4 124,8 7.83 9,900 31,580 488.5 492.0 47.50 403.216 58,2 103.2 138.9 119.8 4.26 9,870 23,680 444.5 451.0 47.42 367.617 58.l 102.3 138.l 119.0 4.31 10,180 23,680 450.0 47.15453.l 374.018 60.4 107.2 139.5 123.3 6.11 9,690 28,000 453.0 453.5 45.93 386.719 60.4 107.7 140.3 123.6 6.16 9,';11,0 28,000 460.8 467.0 46.20 391.024 61.0 107.9 140.7 124.3 6.30 9,870 463,328,500 467.3 46.40 391.S25 60.l 89.8 139.8 97.8 0.42 9,870 7 ,04.0 293.0 295.2 43.50 264.026 60.l 89.l 138,5 97.3 0.42 9,870 287,0 i>a;.o 43.(36,920 261.627 60.2 92.7 138.9 102.8 0.65 10,000 9,030 325.3 325.5 44.36 2fn.528 60.2 97.0 138.3 109,6 1.30 9,950 12,800 365.8 368.0 45.20 317.229 60.4 99,0 138.6 112.8 1.81 9,970 15,33> 386.0 394.5 46,57 331.030 60.3 99.8 138.4 115.7 2.55 10,050 18,000 409.3397.0 46,62 334.631 60.3 102.9 138,6 118.9 3.?15 22 000J.0,060 428,4 434.0 46.J.7 363.960.332 105.4 140.5 122.0 4.82 10,000 454.024:780 458.3 47.15 377 .4 33 60.2 105.8 140.4 122.9 5.37 458.010,000 26,350 461.l 47.22 380.l34 60.2 106,0 140.0 123.l 5.97 10,120 27 ,980 464.0 471.0 47.00 387.0 35 00.l 100.5 131.l 124.0 7,69 31.,630 470,510 , 150 478,6 46.58 396 . 0 
36 60 . l 107.3 139.4 125.l 10,1708.80 479.6 481.2 403.033,650 46.6560,037 107.7 139.7 125.8 9.72 10,240 488.0 492,035,300 46.90 408.0 
38 60.l 108.2 139.6 126.6 10.';11, 37,260 489.6 494.5 46.84,10,160 409.6 
39 oo.o 108.9 139.7 127.l 46.6213.12 40,370 506.0 418.8J.0,200 498.0 
40 60.0 109.4 139.5 127.8 15.66 10,160 502.043,380 607.5 46 .46 433 . 7 
41 69.8 100.4 138.6 115.6 2.69 10,260 18,180 416.5 420.0 46.46 351.6 
142 57.8 98.5 139.2 113.0 1.81 9,760 16,220 397.0 399.2 326.947.62 
143 57~8 99.l 141.0 113.8 410.01.81 9,930 15,300 415.7 48.60 330.7 
144 58,l 5 .• 70105.8 140.4 123.l 27,280 472,09,750 48.20 378.Z465.2 
146 106.7 141.65!!.0 124.l 478.65.70 9,700 27,400 472.6 48.80 379.8 
146 57,8 106.5 141,7 124.0 4.79,8 482,85.70 49.10 383.09 ,ffiO 27 ,200 
























































































295 61.4 88.4 
296 61.7 93.4 
99.6297 61.8 














































219.0 42.46 199.6 
264.8 45,18 Z30.0 
312.5 46.80 262.0 







454.0 47.42 378.0 
182.2 44.33 163,6 
286.7 49.12 225.3 
353.2 50.00 275,0 







435.5 49.43 342.8 
466.4 49.10 361.0 
465.0 49.12 368 2 
~3.22.6 51.95 53.73 !5~:S 
314.0 54.10 225.2 
347.2 53.93 249.8 
368.3 53.15 269.3 
395.0 53.13 288.2 
413.6 53.03 !303.3 





























































































































BAFFLES- HALF-MOON TUBE DIA.-1/2" TRANSFER AREA- 43.180 ,SIZE- J.92• HIGH TUBE PITCH-19/32" SHELL FLUID- NATER
* SH first page or Appendix HO. OF TUBES- 66 TUBE FLUID- NATER
for Sy•bols. 



































































































































































































































































































































































343.2 39.60 198.2 
417.0 42.85 224.0 
529.5 46.95 261.5 
633.5 49.75 295.5 
702.0 51.00 317.5 
752.0 51.80 334.5 
781.0 51.95 346.5 
810.0 52.40 3113.3 
313.6 42.80 168.3 
344.2 44.4-0 177.8 
434.7 47.40 211.1 
575.5 51.22 261.1 
680.3 53.17 295.6 
735.0 53.55 317.3 
801.0 55.00 336.4 
830.0 M.90 348.3 
3 BAFFLES 
365 60.3 69,6 
366 60.5 72.3 
367 60.8 78.8 
368 61.0 82.4 
























































~.2 49.68 112.3 
304.4 51.4-5 136.1 
470,2 56.30 196.2 
557.0 55.65 231.0 
613.3 56.40 250.5 
647.0 56.50 264.0 
696.0 57.30 280.0 
722.0 56,65 294.0 
DATA 
BAFFLES- HALF-MOON TUBE DIA,-1/2" TRANSFER AREA- 31,<4a'SIZE- 3,92" HIGH 
*See first page of Appendix TUBE PITCH-11/16° SHELL FLUID- WATER 











































































































































































































































































































































525 62 .6 
526 62.6 
DATA 
BARRELS- HALF-MOON TUBE DIA,-1/Z" TRANSFER AREA- Z6,16a· 
SIZE- 3,9Z" HIGH TUBE PITCH-25/3Z" SHELL FLUID- WATER NO.OF TUBES- <40 TUBE FLUID- WATER 
RUN 
Nm1BER 
ttl tt2 t 
'i 
t 
•2 A p wt w
• 






























































100 58.2 95.8 140,8 123.3 9.45 15,280 32,930 574.0 577.o 54.45 403.0 
101 58.2 96.0 141.6 123.3 9.45 15,780 32,930 596.5 602.0 54.ffi 416.0 

























437 61.3 83.9 
438 61.4 87.0 
439 61.5 90.5 
440 61.7 92.8 
441 61.7 95 .0 
442 61.8 96 .8 
443 61.0 75 .9 
444 61.2 79.6 
3 BAFFLES 
508 62 . 2 75.0 
509 62 .2 75.0 
510 62 .4 77.8 
511 62 .5 80 .7 
512 62 .6 83.9 
513 62.8 87 . 2 
514 62 ,9 89.8 
515 62.9 91.5 
516 63.0 92.4 








































356.5 48.90 278 . 8358.5 
404.0 407.4 50.63 305.2 
338.9458.0 459.0 51.70 
52.10 360.8491.5 490.b 
385,8528.0 528.5 52.35 
554.0 554.0 52.45 404.0 
ro6,9233.8 235.8 43.20 



























































200,6 51.25 149.0 
203.0 50.72 152.0 
244.6 52.85 174.9 
288,5 54.25 ro1.9 










463.0 54.50 323.8 
482.0 54.10 339.0 
26 
DATA 
BAFFLES- HALF-MOON TUBE DIA.-1/2" TRANSFER AREA- 19.62cJoSIZE- 3.92• Hl&H TUBE PITCH-1" SHELL FLUID- WATER* S•• first pav- of Appendix
for Sy•bols. NO.OF TUBES-30 TUBE FLUID- WATER 
* tt2RUN ttlNlll'IBER 
19 BAFFLES 
116 57.9 75.4 
117 58.0 81.2 
118 58.0 M.3 
119 58.0 97;3
iro 58.0 90.7 
121 58.0 92.8 
122 58.0 94.7 
123 58.0 96.2 
l.2A 58,0 97.7 
125 57.5 98.2 
126 57.3 96.5 
11 BAFFLES 
419 61.0 77.9 
400 61.1 81.7 
421 61.2 85.5 
422 61.6 91.0 
m 61.7 94.1 61.6 95.2 
425 61.6 96.4 
426 61.7 97.6 
3 BAFFLES 
501 62.2 77.0 
502 62.5 79.7 
500 62.7 M.6 
504 62.8 88.3 
go~ 63.0 63.0 &!·2.6 


































































0.42 U 1 MO 
1.02 11:670 
1.85 11 875 
























































Q. em u 
210.0 46.68 227.2 
275.5 51.52 ~·5315.7 53.92 .8 
353.6 54.65 326.0 
3M.6 55.42 350.3 
416.0 56.00 375.4 
440.4 56.45 394.1 
456.5 56 .53 410.7 
467.0 56.25 419.3 
485.0 56.63 433.3 
468.6 56.62 423.0 
206.6 49.35 209.4 
242.2 51.95 237.8 
289.8 53.10 275.8 
346.0 53.85 325.0 
3M.5 55.25 ~:6395.6 54.65 
417.0 54.78 3M.2 
431.2 54.55 400.0 
178.6 55.30 161.6 
209.0 55.70 186.4 
262.3 56.75 234.1 
306.2 56.55 271.2 
334.5 57.30 296.3 
363.4 57.58 320.6 
386.0 57.20 341.B 
DATA 
BAFFLES- HALF-MOON TUBE DIA.-1/2" TRANSFER AREA- 13.0801SIZE- 3.92" HIGH TUBE PITCH-1 3/32" SHELL FLUID- WATER* See first page of Appendix 
tor Syllboh, 
* \ t.RUN \.NUMBm •1 
19 BAFFLES 
roe 61.2 81.8 140.0 
209 61.0 86.1 138.B 
210 61.1 90.4 140.2 
m.1 61.l 92.2 140.3 
212 61.0 94.4 140.9 
213 61.1 £6.7 139.5 
214 61.1 97.6 140.1 
215 61.l 98.8 139.7 
216 61.2 99.9 140.0 
217 61.2 101.0 140.7 
218 61.1 101.5 141.l 
15 I AFFLE'l 
331 61.5 79.7 139.1 
332 61.8 83.3 140.3 
333 62.0 87.8 140.5 
334 62.l 91.4 140.7 
335 62.4 95.3 140.2 
336 62.6 97.2 140.8 
337 62.3 98.7 141.3 
338 62.l 99.0 140.3 
339 62.3 100.3 141.l 
340 62.2 101.4 141.4 
11 BAFFLES 
367 61.l 81.5 140.6 
358 61.3 Ell.6 141.0 
369 61.6 90.7 139.7 
360 61.7 93.7 140.3 
361 61.9 96.4 141.9 
362 61.7 97.3 141.3 
363 61.6 98.0 J.40.9 
































NO OF TUBES-20 
AP Wt w. 
0.23 7,965 4,855 
0.46 ~·~ ii·~0.88 
1.25 7'9311 13 1 900 
1.90 7:865 16:900 
2.87 ~·~ ~·~84.54 
6.44 7'990 31:650 
8.43 7'925 36,210 
9.66 ~~~ 38,460 11.81 42,850 
0.09 ~·rag 4,195 0.13 5,825 
0.31 7:940 9,000 
0.60 7,940 12,720 
1.58 7,£60 19,540 
2.27 7,965 23,700 
3.06 7,965 27,520 
4 .oa 7,965 31,800 
5.23 0,010 36,000 
6.£6 8,020 41,300 
0.09 7,880 5,650 
0.19 7,870 7,596 
0.56 7,890 15,090 
1.02 7,880 20,560 
1.67 7,9'0 25,060 
2.32 7,920 30,690 
3.al 7,940 34,700 































TUBE FLUID- WATER 
Q. e,. u 
167.0 51.02 245.7 
203.0 52.35 289.3 
236.6 54.00 328.B 
252.2 54.22 347.6 
264.B 54.97 365.0 
277.5 S3.90 386.6 
297.4 54.13 412.5 
303.9 53.78 427.3 
314.0 53.70 436.8 
315.3 53.96 441.3 
334.3 54.25 458.7 
146.7 50.58 216.8 
173.0 52.78 248.0 
207.4 54.05 289.7 
234.4 54.60 325.8 
259.9 •54.CG 369.4 
278.0 54.30 389.3 
290.6 54.62 405.2 
294.7 53.96 415.7 
306.0 54.24 429.0 
316.4 54.35 442.0 
165.0 54.62 224.8 
lM.8 55.92 250.2 
228,8 56.83 313.9 
255.0 55.80 345.4 
275.0 56.45 370.3 
281.3 56.20 381.0 
290.0 55.ffi 395.3 
298.3 55.65 407.8 
Z7 
DATA 
BAFFLES- HALF-MOON TUBE DIA.•1/2" TRANSFER AREA• 13.08a•SIZE- 3.~2• HIGH TUBE PITCH•1 3~2" SHELL FLUID- WATER*SH fl rst page of Append 1·x 
for Syllbo Is. NO.a: TUBl;S-20 TUBE FLUID- WATER 
t*RUN tt2 t"i Q,,wt w.•2 I>. p e.~ uNUMBm \. 
1 BAFFLES 
382 61.0 78.1 138.4 109.4 7,7415 4,665 132.4 135.0 54.25 186.5 
383 61.1 81.5 138.3 115.1 0.05 7,815 6,830 159 .2 158.7 55.40 219.6 
384 61.5 84.0 139.0 119.1 0.14 7,795 9,025 175.6 179.7 56.22 238.8 
385 61,4 8?.0 139.l 122.8 0,23 7,890 12,560 201,0 204.7 56.43 272.2 
386 61.7 91,1 138.9 127,0 0.56 7,875 19,480 231.2 233.0 56.10 315.0 
387 61.9 93.8 140.0 130;0 0 , 93 7,890 25,360 252.1 252.0 56.48 341.2 
388 61.9 95.9 140.7 132.0 1.30 7,850 30,900 266.4 267.9 56,60 360,0 
389 62.0 96.9 140.3 132.8 1.90 7,830 36,320 273.3 273.6 56.05 372.8 






























































































SIZE- 3.92• HIGH 
•See first page of Appendix 
TUBE DIA.-S/8~ 
TUBE PITCH-3/4° 
TRANSFER AREA- 32,72·a• 
SHELL FLUID. WATER 
for Syllbols. NO.OF TUBES40 TUBE FLUID- WATER 
* tt tRUN \NUl1Bm 2 "l 
19 BAFFLES 
171 59.0 67.4 139.9 
172 59.0 70.1 140.8 
173 59.0 74,0 141.4 
174 59.0 75.4 140.6 
175 59.0 77.9 139.5 
176 li9 .1 80.6 140.5 
177 59.2 82.2 140.5 
178 59.2 83.8 140.2 
179 59.0 84.6 140.0 
180 59.0 85.1 140.5 
11 BAFFLES 
455 61.2 71.3 140.0 
456 61.3 73.9 140.3 
4,57 61.4 75.9 139.4 
4,58 61.5 78.8 139.9 
4,59 61.5 01 ; 0 139,4 
460 61.6 84,,5 140.5 
461 61.5 86.2 141.3 
462 61.5 87,3 141.0 
3 BAFFLES 
491 61.8 69,9 139.9 
492 61.8 71.4 139.7 
493 61.9 74.3 140.1 
494 62.4 76.4 139A 
495 62.5 79.8 l&l.7 
4,96 62.5 82.7 140,9 
497 62,5 Bi.2 141.4 
498 62.3 80.7 im.1 
499 61 . 8 69.6 139.5 






























wt wI>. p • 
0.32 26,770 3,465 
0.51 27,070 5,1"'5 
1.02 27,170 8,370 
1.53 27,070 10,140 
2.78 27,280 13,900 
4.73 27,580 18,560 
6,81 27,400 21,950 
9.67 26,670 26,670 
12.08 27,Cl30 31,250 
14.26 27,070 32,730 
0,09 27,400 5,130 
0.28 27,030 7,270 
0.46 27,200 9,650 
0.63 27,280 14,120 
1.95 27,070 19,880 
3,47 27,160 27,600 
5.28 27,310 33,980 
7.69 27,280 40,730 
0.09 27,280 5,220 
o.o9 27,070 6,990 
0.11 27,160 11,025 
0.28 27/780 15,620 
0.65 27,600 24,4&> 
1.11 27,310 34-450 
1.67 27,620 .u:ooo 
o.85 27,660 29,000 
27 2QO .. 930 
































227.8 36.70 186.8 
303.0 42.43 217.0 
413.0 48.20 259.0 
446.0 50,20 270,8 
520.0 51.82 303,7 
594.0 54.57 331.2 
632.8 55.36 M7.5 
660,0 56.33 356.5 
693.6 57.10 370.0 
708.0 57,65 374.0 
281.4 42.50 198.5 
Ml.0 47,20 220.2 
397.6 4,9.00 245.4 
475.0 52.40 2'15.3 
550,5 53.80 311.7 
622.5 56.16 338.6 
676.0 57.55 358.0 
706.0 57,86 371.6 
222.0 50.85 133.4 
262.0 53.18 14,9 .5 
337.8 56.25 182.6 
390.0 57.25 207.7 
479.0 58.78 248,3 
554.6 60.20 28Q,7 
698.5 60.75 300.2 
610.6 58.'79 263.8 
213.8 50.05 129,6 





* S•• first pege of Appendix 
TUBE DIA.-5/8" 
TUBE PI TCH-7/8 • 
TRANSFER AREA- 24•54a• 
SHELL FLUID- WATER 
for Sy•boll. NO.OF TUBES- 30 TUBE FLUID- WATER 
* tt2RUN \lNIJMBIB 
19 BAFFLES 
188 60.6 70.8 
189 00.5 73.7 
190 60.6 77.6 
191 00.7 80.6 
192 60.7 83.2 
193 60.7 85.l 
194 60.7 87.7 
195 60.3 87.3 
196 60.3 88.4 
15 BAFFLES 
411 60.8 72.0 
412 60.9 74.9 
413 61.0 77.7 
414 61.2 82.5 
415 61.2 85.5 
416 61.2 87.6 
417 61.l 88.4 
418 61.l 89.4 
11 BAFFLES 
427 60.8 72.2 
428 61.0 ?5.9 
429 61.0 75.S 
430 61.0 77.5 
431 61.l 80.2 
432 61.4 83.7 
433 61.4 85.3 
434 61.5 87,0 
~ ~i:t 87.6 88.5 
SH'" Ou :T 
552 60.4 70.3 
553 60.3 73.3 
554 60.3 75.7 
555 60.4 79.7 
556 60.5 83.9 
557 60.3 86.2 
558 60.2 87.6 
559 60.0 as.5 
560 60.0 87.6 
561 59.9 87,3 
562 59.8 87.0 
563 59.l 71.7 
564 59.3 76.3 
565 59.5 81.3 
566 59.5 84.7 
~~~ 59.5 as.3 59.5 87:1 
CHP• ING 51 RIES 
573 59.6 73.6 
574 59.7 77.8 
575 59.7 81.8 
576 59.7 84.3 
577 59.6 84 .4 
578 S9.5 86.0 
579 59.4 86.0 
580 59.4 86.8 













































































































































7.04, 20 350 











































































































































































































































































































445 61.5 ?6.6 139.9 107.2 0.19 20,520 9,540 310.5 312.0 53.95 234.4 
446 61.5 78.6 138.7 110.3 0.37 20,300 12,140 345.6 345.0 54.43 258.6 
447 61.6 81.5 139.4 115.7 0.67 20,260 16,960 402.5 401.5 56.03 292.5 
448 61.9 84.2 139.6 120.4 1.25 20,120 23,380 448.8 449.5 56.90 321.2 
































































BAFFLES- HALF-MOON TUBE DIA,-5/8" TRANSFER AREA- 24.54 ,SIZE- J.92• HIGH tuBE PITCH-7/a•* see first page of Appendix SHELL FLUID- WATER 
for Sylll>ols. NO.OF TUBES-JD TUBE FLUID- WATER 
t t*RUN tt2 w
• 
a.,wt Qt Q.,,p•1 •2ttl uNUMBER 
3 BAFFLES 
463 61.2 71,0 
464 61.3 73.0 
465 61.7 77.2 
466 61,8 80.6 
467 61.8 83.7 
468 61.8 ffi ,5









SIZE- J,92• HIGH 



































201.0 54.15 149,6 
238.0 56,08 171.8 
315.0 5a.ro 219,4
383.0 59.01 263.0 
443.7 60.22 298,3 
481.0 60.56 321,7
509.0 60.70 340,0 
TRANSFER AREA- 16.36tJ• 
SHELL FLUID- WATER 
for Syllbols. NO.OF TUBES-20 TUBE FLUID- WATER
•RUN w
•
wt Qt Q.\2 t •1 e
• u 
t 


































































































































































































































































































































































527 50,00 199.5 
528 
163.2 165.60,05 4,45513,49074.7 138.3 101.l62.6 
165,8 50.22 201.0 
529 
165.24,500138.3 0.05 13,65074.7 101.462.6 
Z58,7 
530 
212.8 53.40008.66,97078.0 139.5 109.0 0.19 13,70062.8 
278,4 
531 
256.5 56.CX310,620 255.2140,4 0.32 13,75081.6 116.363.0 
57,35 313.2 
532 
293,8 296.713,275 15,840ffi ,3 141.0 0.74122.363.2 
331,0 57.55 348.8328.413,390 23,190140.2 1.3987.7 125.963.2 
57.50 366.3 
534 
344.6 346.828,7202.13 13,44088.8 139.9 127.863.2533 383.0 
535 
361.4 57.70363.313,600 33,330140.0 2.8789.7 129.l63.l 
56.85 392.0 
536 
364.5 368.013,420 39,90090,4 4.26138.7 129.563.2 401,7 
3 BAFFLES 
537 
378,5 57.7540 000 379.513 800 130 .5 4 2690.7 139.963.2 
57,00 153.4 
538 
143.25,005 143.l13,500110.9139.562,4 7.3 .o 57,85 182.3172,5 175.07,3700,02 13,410115.0138.862.6 75.4 213.059 .20 
59,00 
207.l206.210,28013,5000.05139.8 119.662.8 78.l539 243.0234.5 234.814,17013,4500.1480,4 122.463,0 139.0540 279.2273.8 59.45 
308,4 
271.613,580 1918400.23139.4 125.683.063.0541 59.75 313.2306.227,43013,6250.45128.7140.063.2 85.7542 60.20 332.0330.4327.032,4000,58 13,65014Q,9 130.787.263.2543 347.8340.0 58.97335.538,50013,7300.79130.2139.087.5544 63.l 00 ,65248,3 2.54.7248.615,77013,5400.16123.7139 .5 81.l62.8545 
30 
DATA 
BAFFLES- ORIFICE 1UBE DIA.-J/a• TRANSFER AREA- 25.510 , SIZE.-17~2· DIA.HOLE TUBE PITCH-11/16" SHELL FLUID- WATER* S•• first page of Appendix 
tor Syllbo Is. 
* tt2 tRUN 1\NUMBDl "i. 
19 BAFFLES 
750 73.3 84.8 138.l 
751 73.7 96.5 137 .6 
752 74.0 104.2 139.0 
753 74.3 107.6 138.6 
754 74.3 110.l 139.3 
765 74.4 112.l 139.6 
756 74.4 113.2 139.l 
757 74.5 114.4 139.9 
11 BAFFLES 
758 73.6 86.0 139.0 
759 74.0 93.2 139.0 
760 74.4 101.9 139.6 
761 74.8 106.5 139.8 
762 74.9 109.7 139.3 
763 75,0 112.l 139.7 
3 BAFFLES 
764 73.9 84.7 138.0 
765 73.9 92.3 137.6 
766 74.2 99.3 138.7 
767 74.2 1CX3.8 140.4 
768 74.3 1<5.6 138.8 



























0.20 9,590 1,985 
l.37 9,780 6,080 
4.12 9,760 11 250 
8.06 9,800 15:'l60 
12.13 9,845 19,730 
18.06 9,780 24,130 
25.75 9,740 28,760 
31.22 9,735 31,480 
0.14 9,760 2,310 
0.51 9,620 4,710 
l.B3 9,665 9,590 
4.03 9,800 14,760 
7.97 9,715 20,700 
13.89 9,700 27,060 
0.11 9,840 2,565 
0.32 9,980 6,735 
1,02 9,810 13 720 
2.08 3:~ 19:740 3.66 26,280 























T BEu FLUID- WATER 
Q. e u m 
110.7 24.97 172.2 
223.8 33.58 260.6 
296.3 36.68 315.3 
327.2 37.04 345.0 
353.7 37.50 368.3 
370.0 37.60 384.4 
379.7 37 .27 397.8 
390.3 37.60 404.8 
119.9 28.87 163.5 
189.7 34.18 212.3 
~65.6 37.61 277.1 ~o.o 38.43 316 . 2 0,3 38.04 348.5 
o.o 38.28 368.8 
[t·8 35.70 116.7 84.0 40.67 176.4 
8.8 42.80 225.8 
m·2 43.65 262.4 o.o 42.20 286.0 
.o 41.22 311.0 
BAFFLES- ORIFICE TUBE DIA,-1/2• TRANSFER AREA- 26. 160 , TUBE PITCH-25132" SHELL FLUID- WATERSIZE-17/32" DIA.HOLE 
RIJN ttl tt2 t 
NUMBER "i. 
19 BAFFLES 
587 62.0 73.6 138.9 
588 62.2 80.9 139.6 
589 62.2 B3.6 139.6 
590 62.5 87.l 139.9 
591 62.6 89.2 139.4 
592 62.7 91.5 139.5 
593 62.8 93.2 140.3 
594 62.8 9'.0 139.5 
1!; ~A~~·~· 
611 62.3 71.7 139.6 
612 62.5 77.8 139.l 
613 62.7 83.5 140.4 
614 63.0 86.6 139.7 
616 63.0 88.7 140.5 
617 63.0 90.4 139.2 
618 63.l 91.7 139.l 
619 63.2 92.9 139.0 
620 63.3 94.2 139.0 
11 BAFFLES 
621 63.5 76.9 139.2 
622 63.6 81.9 140.l 
623 63.9 ffi .5 139.3 
624 64.0 88.3 139.0 
625 64.2 91.3 139.9 
626 64.3 93.l 139.9 
627 64.3 94.7 140.5 
628 63.7 81.8 138.2 
1 BAFFLES 
635 63,6 75.3 138.9 
637 64,0 83.0 139 .2 
638 64.4 88.6 138.5 
639 64.5 91.l 139.7 
640 64.5 92.7 139.3 
641 64.6 9'.7 139.6 



































NO OF TUBES-40 
wt w
""p • 
O.B3 15,720 2,960 
3.15 15, 730 6,130 
5.00 15,800 7,950 
8.62 15,600 10,775 
13.33 15,770 13,480 
20.47 15,720 16,690 
·26.58 15,750 19,120 
34.45 15 750 21 750 
0.46 15,650 2,290 
l.53 15,820 4,720 
3.80 15,840 7,850 
6.67 15,920 10,600 
9.26 15,750 12,730 
14.26 15,910 15,770 
18.12 15,770 17,910 
24.08 15,800 20,720 
31.68 15,780 23,000 
O.B3 15,640 4,070 
2.13 15,850 6,790 
4.17 15,825 9,960 
7.23 15,760 13,140 
12.32 15,840 17,zro 
:·17.41 15,890 20,520 
23.80 15,930 24,000 
2,22 15,700 7,100 
0.46 15,820 3,735 
2.0l 15,800 8,530 
6.21 li:Wo 15,430 9,54 19,120 
14.07 15,840 23,320 
20.66 15,590 28,200 








































1B3.0 34.33 203.6 
294.5 42.36 265.8 
338.6 44.55 289.7 
389.6 46.70 314.3 
422.0 47.80 336.0 
454.5 48.75 354.8 
480.0 49.70 368.9 
491.5 49.70 378.4 
149.0 32.50 172.2 
245.6 40.18 230,9 
331.2 45,36 277.8 
374.6 47.00 305.7 
408.0 48.53 319.0 
433.6 48.76 341.3 
449.0 49.12 350.5 
471.5 49.46 364.3 
486.0 49.76 374.7 
212.0 39.95 200.5 
292.3 44.72 247.6 
347.3 46.80 279.3 
386.0 48.07 305.2 
428.6 49.72 330.4 
456.4 50.04 349.5 
481.6 50.96 362.8 
289.6 44.10 247.7 
187.3 41 .53 170.4 
303.2 47.43 242.9 
385.2 49.48 295.7 
421.2 50.88 317.7 
445,4 50.88 335 . 7 
465.4 51.48 348.6 
483.4 52.40 351.2 
DATA 
BAFFLES- ORIFICE 
SI ZE-17/32" DI A. HOLE 
629 63.8 74. 
630 64.0 81.4 276:5 
631 64.3 ffi.4 330.9 
632 64.3 87 .3 362.2 
633 64.4 89.5 387.4 
634 64.4 90.8 412.0 
635 64.5 92.0 434.0 
DATA 
BAFFLES- ORIFICE TUBE DIA.-1/2"
SIZE-9/16" DIA.HOLE TUBE PITCH-25/32"* See first page of Appendix
for Syllbo Is. NO.OF TUBES40 
274:3 52:57 201:2 
334.3 53.05 238.3 
361.4 53.98 256.4 
389.7 53 . 83 275.1 
410.5 54.12 rog:6436.0 54.23 
TRANSFER AREA- 26. l'o• 
SHELL FLUID- WATER 
TUBE FLUID- WATER 
RUN 
NUJ1IER 
* ttl tt2 \ t •2 fl. p 
""' 


















































































































































































































































































































































































TRANSFER AREA- 26.16tJo 
SHELL FLUID- WATER 



























































BAFFLES- ORIFICE TUBE DIA.-1 /2 " TRANSFER AREA- 26.16cJo 
TUBE PITCH• 25/ 32" SHELL FLUID· WATERSIZE-5/8" DIA.HOLE MO.OF TUBES-40 TUBE FLUID- WATER 
RUN t t t 
NUMBER tl t2 "J. 
11 BAFFLES 
696 70.l 80.9 138.0 
697 70.4 88.l 138.0 
698 70.6 92.5 140.6 
699 70.7 95,3 139.2 
700 70.8 97.8 139,6 
701 70.8 99.2 138.7 
702 71.0 100.8 139,3 
3 BAFFLES 
7Cl3 70.l 80.9 137.7 
704 70.5 Bi.8 137.8 
705 70.8 88.4 139 .3 
706 71.0 91.6 138,5
707 71.l 93.8 137,9 
708 71.2 96.9 130.l 
709 71.3 97.5 138.9 


















wt w,,. p 
• 
0.14 15,495 3,775 
0.42 15,720 8,950 
0.79 15,750 13,020 
1.58 15,690 18,300 
2 .59 15,650 24,130 
4.17 15,650 30,410 
6.11 15,560 36,840 
O.C6 15,840 4,985 
0.10 15,940 8,615 
0.28 15,910 12,760 
0.48 15,650 19,200 
0.79 15,590 24,980
l.M 15,710 32,430 
1.95 15,810 38,830 
2.64 15,710 45,150 
DATA 
TllBE DIA,•1/2" 


















~ e m u 
173.7 36.80 174.4 
283.4 42.60 250.0 
348.0 45.62 289.6 
388 .0 45.62 323.4 
421.6 46.56 347.4 
442.7 46.15 368.0 
463.0 46.60 381.0 
:\.73.8 43.65 149.8 
230.8 46.57 187.3 
280;0 48.75 219.2 
324.0 48.73 252.7 
355.2 48.25 280 .3 
390,5 48.26 307.4 
414.0 48.82 324.0 
438.0 49.10 339.0 
TRANSFER AREA- 13.080 , 
SHELL FLUID- WATER 
TUBE FLUID· WATER 
RUN 
NUHBEi\ 






















































































































































































































































BAFFLES- ORIFICE TUBE OIA,-5/8" TRANSFER AREA- 16,36n•
TUBE PITCH-1 1/16" SHELL FLUID- WATERSIZE-11/16" DIA.HOLE 
RUN \ \2 t NUMBER •1 
19 BAFFLES 
718 72.8 80.6 l38.l 
719 72.8 86.7 138.3 
720 72.8 89.7 138.1 
721 72.8 92.0 l38.l 
722 72.8 94.2 l38.5 
723 72.8 95.3 l38.2 
724 72.9 96.0 l37 .6 
11 BAFFLES 
731 72.0 78.9 137.8 
732 72.0 86 .6 137.2 
733 72.0 90,6 l38.4 
734 72.1 92.7 139.2 
735 72.1 94.5 138.4 
736 72.1 95.7 l39 .2 
3 BAFFLES 
744 72.0 80.9 139.6 
745 72.0 81.0 137.9 
746 72.2 83.8 l37.9 
747 72.3 86.7 138.5 
748 72.5 90.4 138.7 























wt wti. p 
• 
0.42 13,350 2,130 
2.18 13,630 5,380 
4.82 13,760 8,380 
8.B5 13,540 11,200 
15.28 13,360 15 ,040 
21.83 13,470 18,020 
30.57 13,620 21,150 
0.19 13,350 1,950 
2.04 13,300 7,110 
5.70 13,440 12,040 
10.28 13,525 16,210 
18.46 13,195 21,900 
27.04 13,575 26,240 
0.27 13,980 4,475 
0.27 13 ,6ffi 4,490 
0.65 13,680 7,680 
1.76 13,860 12,460 
4.91 13,685 21,550 




HO. OF TUBES- 52 
TUBE FLUID- WATER 
~ Q,, e., u 
104.2 109.4 'YJ.77 207.0 
189.2 193.7 39.56 292.3 
232.5 236.7 42.52 334..3 
260.3 261.0 44.06 361.1 
285.8 285.8 45.47 384.0 
302.3 304.0 45.70 404.5 
315.2 316.0 45.53 423.2 
91.7 95.4 33.62 166.8 
194.2 199.8 43.60 272.2 
249.8 249.2 46.72 326.8 
279.5 278.9 48.20 354.4 
295.2 295.7 48.23 374.0 
319.5 318.6 49,00 398,6 
125.3 129.0 48.07 159,3 
123.0 124.2 47.00 160.0 
157,8 161.3 49.30 196.6 
200.0 201.8 50,88 240,3 
245.0 245,8 51.53 290.8 
273.3 274.0 52.00 321.7 
BAFFLES- DISK-AHD-OOU&HHUT TRANSFER AREA- 25,510•
SIZE-,,5. DISK,, o• HOLE SHELL FLUID- WATER 
*See first page o# Appendix TUBE FLUID- WATERfor Sy.t>ols, 
* RUN \NUMBER \ 
19 BAFFLES 
11 BAFFLES 

















































136.0 33.60 154.l 
213.9 37.80 222.5 
260.0 38.70 263.8 
297.0 38.22 &>4.3 
331.8 38.44 338.0 

































































































100,738.31106.2100.33,1109,780o.oo104.1137.986.876 .3842 lITT,5 176.441 .33100.08,100 
227,5
9,7B50.04115.7138.876.4 95.4843 212.541.97229.213,350 
21,!l30 
9,B500,07121.799,8 138.876.7844 41.27 251.7265.3265.09,740 
29,000
0,15126.1138.2104.176.9845 278.041.07293.0291.39,8100.25128.7138.8106.977.2846 39,90 &>1.03)6.3 307.737 ,3509,7250.41129.6137.9108.577.0847 
DATA 
8AFFLIS• DISIC•AllO.DOUlllNUT 




TRANSFER AREA· 26.160 ,SHELL FLUID· WATER 
TUBE FLUID· WATER 















































































































































































































































































































































JAl'FLE$- DISl·AND-DOU&HNUT TUBE DIA.-1/2• TRANSFER AREA· 26.160 ,SIZE-4,95• DISl-3.5• HOLE TUBE PITCH-25/32• SHELL FLUID- WATER* S•• first page of Appendix
tor Syllboll, NO.<F TUBES-40 TUBE FLUID- WATER 
* t~ tllJN ttlNll!llm 91 
867 77.6 86.7 137.0 
= 
77.8 ee.s 141.5 
78.0 9!5.8 140A­
8'IO 78,2 97.l )31.8 
S'7l 78.3 99.7 138.4 









o.~ 16,510 3,806 
0,06 16,600 6,280 
0,12 16,660 11,960 
0.24 16,6'1!0 i9,520 







129.2 37 .84. 127.2 
186.2 42.35 166.2 
24.8.0 44.08 214.8 
299.2 44.46 fij330.6 43.62 
362.0 43.98 313.8 
19 BAFFLES 
864 77.0 83.7 139.8 
866 77.7 93.3 141.7 
t!J56 77,6 98.3 141.6 
867 78.0 100.3 131.3 
868 78.2 106.2 141.3 
869 78.2 lf11.4 139.9 
860 77.6 89.8 139.4 
11 BAFFLES 
861 77.6 87.2 140.3 
1182 77.8 91.4 )39.0 
8113 78.0 96,9 139.4 
864 78.l 99.6 138.8 
81!6 78.3 lm.1 1219.2 















wt w6P • 
O.Ol 16,660 l,~ 
0.20 15,450 6,390 
0.57 15,625 11,oeo 
1.86 15,620 19,650 
3..83 16,625 28,010 
6.34 15,400 36,000 
0.13 15,660 4,640 
0,05 15,620 3,680 
0.13 16,600 6,425 
0.33 15,BCE 11,600 
1.02 16,040 19,330 
2.rn 16~6(1; 29 ,120 


















l<E.3 2.4.97 169.8 
244.3 35.87 258.0 
319.0 38.88 313.4 
380.5 39.42 367.6 
436.4 41.12 406.0 
460.0 40.2A 427.0 
192.3 32.26 226.2 
154.7 33,50 171.4 
217.2 37.50 216.3 
285.6 39.90 Zl2.l 
348.0 40.97 321.l 
300.3 41.68 355.0 
412.4 41.92 375.2 
DATA 
BAFFLES- DISK-AND-DOU6HNUT TUBE DIA.-1/2• TllAllSFER AREA- 26.16tJo 
SIZE-s.s• DISK,2.s• HOLE TUBE PITCN-25/32• SHELL FLUID- WATER 
RUN \ \2 t NUl1BER "i. 
19 BAFFLES 
8'73 77.5 86.3 140.0 
874 77.9 90.9 137.9 
876 78.1 97.3 139.1 
876 78.4 102.4 139.B 
877 78.4 104.4 138.3 
878 78.5 106.1 138.9 
11 BAFFLES 
879 77.6 87.8 139.3 
880 78.0 92.6 138.5 
881 78.4 97.8 139.6 
882 78.5 100.7 138.2 
883 78.6 lOl.l 139.3 
884 78.7 105.8 139.4 
3 BAFFLES 
886 77.8 86.4 138.0 
886 78.1 90_9 138.6 
887 78.4 95.0 139.0 
888 78.5 98.l 138.8 
889 78.6 100.7 138.0 
890 78.8 100.5 140,0 
BAFFLES- DISK-AND-DOUGHNUT 
SIZE-l.s• DI SK, 4.o· HOLE






















NO OF TUBES--'O. 
wt wAP • 
0.11 15,.830 2,290 
0.39 15,820 5,086 
1.32 15,690 9,730 
3.69 15,820 16,360 
7.60 15,780 23,400 
11.14 15,840 28,530 
0.15 15,775 3,520 
0.40 15,850 6,910 
1.08 15,720 11,800 
2.54 15,660 18,280 
5.51 15,800 27 ,100 
8.99 15 ,550 34,500 
0.07 15,820 3,740 
0.15 15,810 7,140 
0.32 15,470 12,080 
0.72 15,710 18,480 
1.47 15,630 27,070 




















TUBE FLUID- NATER 
Q.. 9.. u 
l24.6 24.50 192.8 
210.0 30,80 265.8 
303.8 35.50 323.4 
380.8 37.76 386.2 
412.0 37.96 414.0 
436.0 38.62 432.8 
161.2 30.32 2CX3.4 
234.9 35.32 2.50 .5 
308.5 38.35 003.7 
351.4 38.98 341.0 
403.0 40.32 382.0 
424.5 40.60 396.8 
140.4 35.20 I 147.4 
205 . 0 39.23 196.4 
260.6 41.43 ?Zl .3 
310.0 42.13 279.0 
342'.0 41.96 313.0 
384.8 43.20 340.3 
DATA 
TUBE DIA.-1/2" TRANSFER AREA- 13.09a, 
TUBE PITCH-1 3/32• SHELL FLUID- WATER 
NO.OF TUBES-20 TUBE FLUID- WATER 
* tt2 \RUN ttlNUMBm. 
19 BAFFLES 
789 75.8 88.8 138,6 
790 76.l 9l.S 137.1 
791 76.4 99.5 139.2 
792 76.6 100,9 138.8 
793 76.8 106.4 139.2 
794 76.8 101.7 139.0 
11 BAFELES 
819 76.4 87.9 138.7 
820 76.7 94.l 138.6 
821 77.0 97.6 138;7 
822 77.1 101.6 138.5 
823 77.3 lOl.O 138.7 
824 77.3 la;.6 138.7 
3 BAFFLES 
836 76.5 Bl.6 138.7 
837 76.7 91.3 l39.8 
838 76.9 95.1 l38.3 
839 77.0 98.0 138.8 
840 77.1 100.9 140.0 





















AP wt w• 
0,06 7,950 3,325 
0,15 8,000 7,160 
0.35 7,920 12,000 
1.26 8,140 22,600 
2.41 7 ,94-0 31,04.0 
4,CB 7,915 39,820 
O.Cl3 7 ,8!l6 3,196 
0.07 7,825 7,350 
0.15 7,11>5 11,72.5 
0,43 7,846 20,810 
o.90 7 ,ll>O 29,300 . 
1.60 7,890 38,700 
0.02 7,846 2,720 
O.Ol 7,940 7;440 
0.12 7,9l0 14,370 
0.17 7,900 ~:~0.28 7,880 






















105.8 39.55 198,4 
147.2 41.60 271.2 
lEll.8 43.40 323.0 
224.6 49.97 394.5 
236.0 42.88 419.7 
245.3 42.63 440.3 
94.0 41.15 168,8 
137.7 43,78 ?Zl.3 
164.2 44.32 m.1 
193.6 44.00 333.8 
208.8 43.83 365.5 
223.2 43.40 ~.l 
67.6 45.26 107.1 
11~.6 47.80 111>.3 
146.1 47.12 235.0 
166.9 46,96 210.0 
187.6 47.33 302.8 
198,9 46.66 326.2 
36 
DATA 
BAFFLES- DISK-AND-DOUGHNUT TUBE DIA,-5/8" TRANSFER AREA- 16,36rJ• 
s1ze-4,5• DISK,4.o• HOLE TUBE PITCH-1 1/16" SHELL FLUID- WATER 
RUN t tt t 
Nlll1BER ti 2 "1 
19 BAFFLES 
795 75.5 83.2 13a.4 
796 75.7 aa.5 .137.9 
797 75.9 92.1 13a.o 
79a 76.0 95.a 13a.6 
799 76.1 9a.2 13a.5 
000 76.0 99.7 13a.4 
11 BAFFLES 
al3 75.2 al.3 137.0 
a14 76.0 87.5 140.6 
a15 76.4 91.1 139.7 
a16 76.7 9'l.3 13a.4 
a17 76,9 96.9 13a.3 
a1a 76.9 9a.5 139.2 
3 BAFFLES 
825 76.2 80.a 137.7 
826 76.2 86.1 139.a 
8?!l 76,5 89.0 138.6 
828 76.6 91.9 139.2 
829 ?6.a 93,6 138.9 






















"'p wt w. 
O.CE 13,550 2,760 
0.13 13,495 6,440 
0.35 :1.3,405 10,925 
0,93 13,615 la,400 
2.13 13, 710 Z7,340 
3.75 13,5aO 36,650 
O.Cl3 13,460 2,195 
O.CE 13,650 6,Cl30
0.16 13,740 10,820 
0.44 13,440 la,700 
1.09 13 ,460 2a,ooo
i.71 13,440 37,350 
0.02 13,605 2,195
0,04 13,790 7,250 
0.07 13,495 12,4'iS
0.17 13,595 ro,50o 
o.2a 13,570 28,450 
0.49 13,595 37,720 
BAFFLES­ HALF-MOO~iAND ORIFICE 
NO, OF BAFFU:S- 19 
TUBE DIA,-5/e• 
TUBE PITCH- (SEE BELOW) 




















TUBE FLUID- WATER 
Q. em u 
110.5 36.6a 175.3 
173.a 41.93 251.7 
219.2 43.94 302.7 
26a.6 45,36 363 ,0 
304.4 45.62 406.0 
322.5 45.77 429.4 
85.5 36 .aa 136.2 
15a.a 45.2a 212.0 
203.0 46.56 263.9 
239.3 46.52 311.0 
269.6 46.47 355.0 
28a.7 47.2a 375.6 
66 . 1 42.97 aa.7 
140.4 4a.90 170.6 
170.9 49.03 009.6 
207.l 49.80 254.3 
228,4 49.5a 280,6 
246.4 49.00 307.9 
DATA 
TRANSFER AREA-(SEE BELilW) 
SHELL FLUID-(SEE BELOW) 
TUBE FLUID- WATER 
t*RUN Q,wt w. Qt\2 8• u"'p8i 
t
•2NUMBDI. \ 
5/t' TUBE-T/e• PITCH-HALF-MOON BAFFLES,3.92• Hl6H-30 TUbES-24,54 SO. FT.-OIL "B" SHELL FLUID 
902 41;649.4 48.5051.9139.5 0.93 20,5aO7a.9 al.3 na.a 
59.0 50.35 47.7 
904 
59.a7a.9 al.a 140.6 121.5 1.289<X3 ~·~~ 49.90a:590 65.7 67.5 53.6 
905 
139.0 1.9979.0 82.2 122.4 ~·~ 20'200 ao.o 51.10 62.a7a.a2.97 11,18079.0 82.9 139.a 124.7 1 70.1 
907 
aa.6 50.6520 Z70 14,280 a7.213a.5 4.31906 79.0 83.3 125.4 
77.6 
90a 
84,,0 9a.9 101.1 51.9079,0 6.07 17 730139.5 127.5 19:'730 
ffi..6 
909 
lOa.9 111.6 51.8220,27079.0 139.0 12a.2 a.4a 21:65084..4 
52.C6 91.0 
910 
8',6 20,670 24,C60 116.2 117.6139.1 10.1679.0 12a.a 
31.5 
5/a• TUBE-1-1/16• PITCH-HALF-MOON BAFFLES,3.92" Hl6H-20 TUBES-16.36 SO.FT.-OIL "B• SIELL FLUID 
93a 
20,300 3,070 37.2 46.000.46 35.57a.a 80.6 139.6 113.9 
26.9 49.63 30.1 
939 
0.23 13,570 3 155 24.479.5 al.3 139.5 121.4 
34,9 41.a37.8 51.l579,6 0.47 5:51082.2 139.4 125.2 13 640 
4a,3 51.7a 900 44.7 52.ffi140.0 128,6 0.97 13:67079.7 83.0 
56,0 65 .7 
942 
60.0 52.102.068fi 129.5 13,485 14:17079.7 83 .9 l3a.4 68,319.,250 66,3 62.40 77.4131.0 3.6579.a Ell.a 138.4 
84..623,3aO 72.3 74.8 62.20131.4 5.149'3 79.a 85.2 l3a.2 ~:~ 65,4 
9'6 
55.a 57.5 52.10944. 2.22 a,300 14,70079,9 86;7 139,5 131.3 
53,6559.6 64.4 
5/8" TUBE-1-1/16" PITCH-ORIFICE l!AFFLES, 11/16• DIA.HOLE-20 TUBES-16.36 SQ.FT.--OIL •B• SHELL FLUID 
14,650 56.5130,3 2.22 22,88079 .7 82;2 138.9 
17.3 16,7 
947 
12.1 44.3813,470 1;290no.a 1.2079,7 139.3946 7a.8 20.2 51.40 22.1 
948 
2.48 2.690 la.6124.080.979.5 139.9 37.9 53.CS 38.96,28 33.a127.379,6 141.182.1 ~·~ 46,0 52.3 
950 
53.0045.479,6 82,9 129.0 11.83 13:62.5139.a949 ~·~ 53.4j'i 61.0 
951 
53.3 56.213,640 12:31083,6 140.0 130.4 la.al79.7 61.0 62.9 53.80 69.314,56013,64024.25140~3 131.379.7 84.2 75 .0 
963 
67.6 52.5564.5130,6 32.2a 17,16013,56084.6 13a.979.9962 41.4 
5/8" TUBE-1-\/16" PJTCH-ORIFICE BAFFLES,1V16• DIA.HOL~ TUBES-16,36 SQ.FT,-OIL "A" ,SHELL FLUID 
52.7038.l6,85 6,060 35.713,655lZl.3140.579.7 82.3 
26.544.8619.4 24.213 670 2,06.0137,8 113.2 0.9780.378.9964. 42.649.3037.834.4120,3 2,37 3,890140,5 13:740a1.979.4965 64.a51.30 
957 
6,770 64.413,660 ~.2124.5 5.66141.683.679.6966 




* S•• first pege of Appendix 
TUBE DIA. (SEE BELOW) 
TUBE PITCH- (SEE BELOW) 
TRANSFER AREA­ (SEE BELOW) 
SHELL FLUID- (SEE BELOW) 
for Syllboll, NO.OF TUBES-20 TUBE FLUID- WATER 
t t*RUN tt2 ewt•1 Qt Q.•2ttl AP w
• uNUMBER • 
s1s• TUBE-1-1/16. PITCH-16,36 SO.FT.-OIL .B.,SHELL FLUI0-19 BAFFLES 
925 78.8 79.6 139.4 114.2 0.06 13,690 l,680 11,6 19.9 46,50 15.3 
926 78.9 81.0 141.5 129.5 0,17 13,600 5,825 28,6 33,3 55,20 31,6 
927 79,0 82,0 140.6 131,5 0.38 13,580 9,660 39.7 41.8 55.45 43.7 
928 79.l 82,6 138,6 131,3 0.74 13,540 14,340 47.4 50.2 54.05 63.6 
929 79,l 83.5 139.4 133.0 l.28 13,450 19,500 58.l 59,3 54,85 64.8 
930 79,2 63,8 139.3 133.5 l.88 13,840 23,950 64.4 66.3 54,90 71.7 
931 79.2 81,0 139,8 127,6 0,1.6 13 620 4.850 23.4 28,l 53,45 26,8 
1/2• TUBE-1-3/32• PITCH-13,0B 
932 78.9 80.5 
82,3933 79.l 












918 78.5 79,5 139,4 122,6 0,07 13,480 2,420 12,5 19,3 51.60 14,9 
919 78.7 80.4 140.0 131.0 0.10 13,280 5,920 21.9 25,4 55.80 24.0 
920 78,9 81.l 140,5 133,2 0 •. 20 13,490 9,590 30,3 33;0 56,85 32.6 
921 78.9 81.7 140.7 134,4 0.34 13,560 13,810 38,7 41.4 57,25 41,3 
922 713.9 82.l 138.8 133.4 0.51 13,500 17 ,580 43.2 45.9 55.60 47.5 
923 78,9 82,5 140,l 135,0 0.73 13,590 21,520 49,3 52.7 56,77 63.2 
924 78.9 82,8 139.2 134.6 0,95 13 710 25.170 53.l 55.4 55.95 58,0 
3 BAFFLES 



















































































































14.7 52.00 19,3 
25.8 63.62 34.5 
37.l 55,40 49,5 
45.8 54.96 61.8 
51.2 63.75 70,8 

































































































OIL •c•, SHELL FLUID 
0,15141,5 125,9968 79.0 
, 60.4 139,4 129,4 0.17969 79.2 80.9 
133,6 0.2079,5 81.5 140.6970 
;I.40,2 0,28135.• o 971 79.6 82,0 
82,5 138,8 0,43133,679.5972 
79,6 139.9 135.8 0.7383.2973 
140,4 136,4 1,0283.779.7974 
1,50136,5140.l975 79.8 84.3 
126.279,9 01.0 137.0 o,l.2 
OIL •c•, SHELL FLUID-TWO-PASS TUBE FLUID 
976 
0,09129,882,2 141.779.6'iTl7 




1.45136.4140.0ee.o982 79.5 0,63 
984 
135,7139,679,8 89.9983 0,83135.592,5 139.360,0 
134,2 0.83138,682.379.2986 
7,900 1,780 10.9 13.l 53,75 16,5· 
7,960 3,410 13,5 16.1 54.20 19.1 
7,785 5,240 16,2 17,4 56.60 21.9 
'7,870 7,660 19.1 18.7 56,78 25.7 

















































3,868 15,380 27,1 29,6 54,18 38,2 





















ZERO BAFFLES TUBE DIA.- (SEE BELOW) TRANSFER AREA-(SEE BELOW)
* s.. first page of Appendix TUBE PITCH-(SEE BELOW) SHELL FLUID-NATERfor Syjibols. NO.OF TUBES-(SEE BELOl'I) 
• \2 tRUN t;.NUMBER •1 
t 
'II wt wAP • 
3/8" TUBE-1/2" PITCH-98 TUBES - 48.1 SQ.FT. TRANSFER AREA 
312 60.7 75.6 139.8 100.7 18,020 6,905
313 60.7 78.3 139.5 105.4 18,050 9,380
314. 00.8 83.0 139.0 111.7 18,050 14,780
315 61.l 88.5 140.5 117.8 18,320 22,150
316 61.2 90.9 140.l 119.8 18,430 27,000
317 61.2 92.5 139.5 121.5 0.07 18,220 31,750
318 61.l ll3 .5 139.2 122.l 0.09 18,330 34,860
319 61.l 94.6 138.8 123.0 0.11 18,23'.l 38,700
320 61.2 96.2 139 .5 12A.8 0.12 18,160 4.3,370 
569 eo.4. 8'.2 14.0.8 113.8 18,350 16,080
570 60.5 87.9 140.l 117.6 18,360 22,300
571 60.4 91.0 140.4 120.5 18,340 2B,170 
572 60.3 93.0 139 .0 122.3 18.,240 33,970 
3/a• TUllE-11/16" PITCH-52 TUBES-25,51 SQ.FT. TRANSFER AREA 
274. 59.0 77.2 139.9 . 110.4 9,790 6,170
27IS 58.9 77.0 139.5 111.0 9,800 6,350 
276 58.9 80.8 139.3 117.4 o.~ 9,8'5 10,000 
277 59.0 83.7 139.3 121.9 0.07 9,960 14,320 
278 59.l 86.9 138.9 124.7 0.09 9,980 ro,300 
279 59.l 90.0 139.3 127.6 0.11 10,0lO 26, 750 
280 59.l 91.7 139.7 128.9 0.14. 10,020 30,520 
281 59.0 93.8 139.5 129.9 0.16 9,505 34,670 
282 59.0 93.7 140.8 130.7 0.16 10,010 34,620 
283 59.0 94.9 139.9 130.8 0.16 9,920 39,650 
28l 58.7 81.2 138.l 117.9 O.Ol 9,935 11,250 
1/2" TUBE-19/32• PITCH-66 TUBES-43.18 SQ.FT. TRANSFER AREA 
373 60,4. 68.7 140.1 100.l 0.09 26,100 5,4.70 
374 60.5 69.8 139.6 103.5 26,010 6,820 
375 eJ.8 74.7 140.8 115.l 25,980 14,120 
376 60.8 76.7 140.0 118.3 25,980 19,100 
377 60.8 79.8 140.9 121.4 0.10 26,100 25,600 
378 eo.8 81.8 140.7 123.A 26,010 31,800 
3'79 60.8 82.9 139.l 124.3 0.11 26,010 38,890 
380 60.6 77.1 139.1 118.3 0.09 25,860 20,560 
381 60.5 72.l 139.9 110.1 25,860 10,170 
1/2- TUBE-25/32• PITCH-40 TUBES-26.16 SQ.FT. TRANSFER AREA 
675 66.l 73.4 136.0 105.6 o.r:n 15,900 3.,990 
676 66.3 79.4 139~3 116.4 0.09 15,8'0 9,23'.l 
677 66.3 82.0 138.3 120.9 15,750 K-,250 
1178 66.4 84.6 139.l 12A.2 15,750 19,120 
679 66.5 86.9 138.5 125.9 15,770 25,SOO 
680 66.5 89.0 138.6 127.7 0,11 15,820 32,880 
681 66.6 91.3 138.7 129.4 0.14 15-690 41,700 
1/2" TUBE-1-3/32• PITCH-20 TUBES-13.08 SO.FT. TRANSFER AREA 
400 61.4. 72.5 139.5 120.8 7,9'5 4,705 
401 61.7 76.0 139.6 l.:?A.3 7,925 7,415 
402 62.2 79.3 140.0 127.7 7,755 10,890 
403 62.3 8J..6 138.9 129.4 0.02 7,760 15,790 
40l 62.2 81.8 140.4 130.5 7,855 15,650 
405 62.2 63.5 140.5 131.8 0.03 7,890 19,560 
406 62.3 a6.2 139,6 132.4 0.05 7,825 26,130 
407 62.3 87.0 139;9 133.5 0.07 7,810 30,560 
408 62.3 87.l 140.8 134.4 7,880 30,600 
409 62.2 87,9 139 .0 134.0 0.07 7,870 35,500 
410 62.0 88.9 l39.3 134.l 7,915 41,320 
5,t" TUBE-TAI· PITCH-30 TUBES-24.54 so.FT. TRANSFER AREA 
4BU 61.4 66.5 U>...::1 lUB~2 20,rdJ 4,·r.:lb 
481 61.5 70.0 139.1 112.3 21,450 6,820 
482 61.5 70.0 138.9 112.2 21,540 6,835 
483 61.5 70.3 139.2 112.0 00,320 6,615 
484 61.7 72.5 14.1.9 119.4 20,340 9,825 
485 61.9 73.9 138.4 121.4 00;340 14,600 
486 62.0 76.S 138.9 125.6 20,4.30 22,250 
4fn 62.0 78.3 139 .7 127.8 00,490 28,120 
4.88 62.0 79.8 140.5 129.7 0.09 ro,430 33,890 
489 62.0 80.7 140.3 130.9 20,430 40,460 
4.90 61.7 74.2 139.0 122.5 20,810 15,830 
TUBE FLUID-NATER 
0,, ~ 9.. u 
268.0 270.5 51.15 108.9 
317.5 319;5 52.55 125.6 
400.5 403.5 53.40 156.0 
501.0 503.0 54.35 191.7 
547.5 550.5 53.68 212.0 
571.0 572.5 53.37 222.6 
594.0 597.0 53.00 233.l 
009.5 613.0 52.55 2Al.2 
635.5 637.0 52.85 250.0 
435.8 433.5 55.00 164.7 
503.8 501.0 54.55 192.0 
560.5 559.5 54..50 214.0 
595.0 594.5 54.20 228.2 
178.2 181.8 57 .15 122.3 
177.7 181.0 57.15 121.9 
216.0 219.0 58.45 144.8 
245.5 249.2 59 .15 162.8 
278.0 287.0 58.55 186.2 
310.0 313.8 58.52 207.7 
326.5 330.6 58.40 219.2 
330.8 335.0 57.40 225.8 
347.0 349.6 58.65 231.9 
3&6.3 360.7 f,7.30 243.8 
223,5 227.0 58.00 151.l 
216.6 218.8 54.05 92.8 
242.0 246.2 55.35 101.3 
·361.0 363.2 60.10 139.l 
413.0 415.4. 60.40 158.3 
495.0 498.5 60.88 188.3 
547.0 549.0 60.70 208.8 
576.0 575.5 59.80 223.2 
426.0 427.S 59 .ffi 164.8 
301.7 303.0 58.20 120.l 
116.l 121 •. 2 50.25 88.3 
207.4 211.0 54.ffi 144.6 
246.8 2A8.0 55.45 170.1 
2B6.2 285.4 56.10 195.l 
321.l 321.0 55.40 221.6 
356.0 358.3 55.35 246.0 
387.5 387.7 54..75 270.7 
88.0 88.0 63,06 106.6 
112.8 113.6 63.08 136.7 
132.3 134.0 63.10 160.3 
149.5 150.9 62.08 184,.0 
153.9 155.8 63.30 lffi. 8 
167.8 169.0 63.02 203.6 
179.4 181.0 62.00 221.2 
192,9 193.7 61..65 239.2 
195.2 196.7 62.45 2.38.8 
a:J2.4 204.8 61.30 252.5 
Zl.2.6 215.0 60.60 268.2 
J.40.6 IJ...o.z oll.10 102.8 
182.3 183.2 59.43 12A.9 
183.2 182.9 59.40 125.7 
178.8 180.2 59.25 122.8 
219.7 221.0 63.30 141.4 
244.8 24.-7.3 6;a.oo 160.8 
295.7 296.6 63.03 191.0 
333.3 334.8 63.60 213.4 
363.0 363.8 64.15 230.6 
382.2 382.7 64.13 242.8 
259.6 260.7 62.~ 168.2 
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